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(54) PROCESS FOR PRODUCING STEEL MATERIAL AND STEEL PIPE EXCELLENT IN 
CORROSION RESISTANCE AND WELDABIUTY 

(57) A steel material and a steel pipe each exhibit- 
ing an excellent corrosion resistance in an environment 
containing a wet carbon dioxide and a small amount of 
hydrogen sulf ide are produced at low cost and with high 
productivity, a steel slab which contains, in wt%, 0.01 to ; 
0.6% of Si, 0.02 to 18% of Mn, 7.5 to 14.0% of Cr f 1.5 
to 4.0% of Cu and 0.005 to 0. 1% of A/, which reduces C 
to not more than 0.02%, N to not more than 0.02%, P to 
not more than 0.025% and S to not more than 0.01%, 
and whose balance consists of Fe and unavoidable 
impurities, is heated to a temperature of 1,100 to , 
1 ,300°C, hot rolling is finished at a rolling finish tenper- 
ature of not less than 800°C and a cumulative rolling 
reduction quantity at a temperature not more than 
1 ,050°C is at least 65%, and cooling is carried out at a 
cooling rate of less than 0.02°C/sec to at least 500°C so : 
as to substantially convert the metallic structure to fer- . 
rite. • - ". 
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metal, that is, a higher tensile strength or a higher yield strength than that of the base metal, is preferred, and the use 
of the martensitic stainless steel needs, in many cases, careful attention. This also holds true for the steels having a 
lower C content when the quenching-tempering heat-treatment is carried out. In addition, in an acidic environment 
which contains hydrogen sulfide, a lower strength is particularly preferred so as to prevent sulfide stress cracking, and 

5 for this purpose, a steel having a lower strength of the base metal and a steel pipe by such a steel have been strongly 
required. In contrast, the martensitic stainless steels produced by the conventional quenching-tempering method hav- 
ing a yield strength of the X-80 class or the L-80 class according to the API standard (both having specified minimum 
yield stress of at least 551 N/mm 2 ) can be produced even when the steel has a low C content or low C + N content, or 
when the steel is a medium to high C steel. However, it has been very difficult to lower the yield strength to the X-65 

w class (specified minimum yield stress of at least 464 N/mm 2 ). 

Japanese Unexamined Patent Publication (Kokai) No. 5-255736 describes a production method of a martensitic 
stainless steel which imparts deformation of at least 65% to a steel having limited chemical compositions at a temper- 
ature range of not more than 1,100°C. However, the main object of this method is to soften a pipe or a bloom to an 
extent necessary for cutting the pipe or the bloom by a saw, but is not directed to obtain important characteristics such 

is as the corrosion resistance and weldability as the final product such as the steel material or the steel pipe. 

Japanese Patent Application Specification No. 4-291830 describes a production method of a martensitic stainless 
steel by applying working of at least 65% in terms of the total reduction quantity to a steel having limited contents at a 
temperature in the range of 750°C to 1 , 1 00°C, cooling the steel at a cooling rate of not more than 0. 1 °C/sec, conducting 
again a normalizing treatment at an austenization temperature and conducting a tempering treatment immediately 

so below an A^ point. According to this method, however, softening can be obtained to the extent sufficient for cutting an 
intermediate product by a saw, and it is difficult to obtain the necessary characteristics as the steel material or the steel 
pipe. Further, this method conducts the normalizing (corresponding metallurgical^ to quenching)-tempering heat-treat- 
ment for only the final product, and not only the production cost is high but it is difficult to sufficiently reduce the strength, 
in the same way as described above. 



25 



SUMMARY OF THE INVENTION 



With the background described above, the present invention aims at providing a method of producing easily and at 
a low cost a steel material and a steel pipe having excellent corrosion resistance in a carbon dioxide containing envi- 
30 ronmerrt or a hydrogen surfide-containing acidic environment and also excellent in weldability. 

The production method for a steel material having excellent corrosion resistance and weldability acoording to the 
present invention is as follows. 

(1) A production method for a steel material having excellent corrosion resistance and weldability which comprises 
35 " thestepsof: 

heating a steel slab containing, in terms of percent by weight: 

Si: 0.01 to 0.6%, 

40 Mn: 0.02 to 1.8%, 

Cr: 7.5 to 14.0%, 

Cu: 1.5 to 4.0%, : 

M: 0.005 to 0.10%, 



45 and reducing, 



C 
N 
P 

so S: 



to not more than 0.02%, 
to not more than 0.02%, . 
to not more than 0.025%, 
to not more than 0.01%, and 



the balance consisting of Fe and unavoidable impurities, to a temperature within the range of 1 , 1 00 to 1 ,300°C; 
. finishing hot rolling having a cumulative rolling reduction quantity at a temperature not more than 1 ,050°C of at 
least 65% and at a rolling finish temperature of not less than 800°C; 
55 carrying out cooling at a cooling rate of less than 0.02°C/sec to at least 500°C: and 

obtaining a steel material the metallic structure of which substantially consists of ferrjte. 

(2) A production method for a steel material having excellent corrosion resistance and weldability according to the 
item (1), wherein the steel after the finish of hot rolling is cooled to a temperature below 500°C, and is reheated to 
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a temperature of not less than 650°C and satisfying the following condition: 

T x (log t + 21) £21,000 



where 



T: reheating temperature (K), 
t: reheating holding time (min). 



one of the following elements: Plains, as additional elements and in terms of percent by weight, at least 



Ni: 



not more than 1.5%, 
15 Co: not more than 1.0%, 

Mo: not more than 3.0%, and 
W: not more than 3.0%, 



of the Hems (1) through (3) ^^Z^T, '** C ° rrOS,on res,stance and voidability accorting to any 
total o, at leaLt ooe^ffo»X^^ ' 38 *" ^ W * more ' « * 

Nb.V.Ti.ZrandTa 



50 Ai 



C: to not more than 0.015%, and 
N: to not more than 0.015%, and 

the sum of C and N is not more than 0 02% -"' • 

is at least 0: - ot tne slab ch emical compositions given by the following formula 

- 12(I%S0 + [%Cr] + [% Mo ]) - 24[%Nb] - 48([% VJ) + [%Ti] + |%A/J) - 6 (%W] 
where pug represents the content of an element X expressed by percent by weight 

pres^rSisSr ~ pipe ^ ^ «£■ ^ to 

by weight, the foHowing everts * steps 0) and © from a slab which contains, in terms of percent 

Si: 0.01 to 0.6%, 

Mn: 0.02 to 1.8%, 

Cr: 7.5 to 14.0%, 

Cu: 1.5 to 4.0%, and 

M - 0.005 to 0.10%, 

which reduces the following elements: 



C: to not more than 0.02%, 

55 N: to not more than 0.02%, 

P: to not more than 0.025%, and 

S: to not more than 0.01%, and 



the balance of which consists of Fe and unavoidable impurities: 
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® heating the slab to a temperature within the range of 1 , 1 00 to 1 ,300°C, finishing hot rolling within a temper- 
ature range where the metallic structure substantially comprises an austenite monophase, and also finishing 
hot rolling where a cumulative rolling reduction quantity at a temperature not more than 1,050°C is at least 
65%, to thereby form a hot coil having a strip thickness of 3.0 to 25.4 mm, coiling the hot coil within a temper- 
ature range where the metallic structure substantially comprises the austenite monophase, and carrying out 
cooling at a cooling rate of less than 0.02°C/sec to at least 500°C, arid forming a steel strip the metallic struc- 
ture of which substantially comprises ferrite; and 

@ slitting the hot coil into a predetermined width, continuously shaping it into a cylindrical shape and welding 
both ends of the steel strip by electric resistance welding to thereby form an electric resistance seam welded 
steel pipe. 

(8) A production method for a steel pipe having excellent corrosion resistance and weldabHity according to the item 
(7), wherein the hot coil is cooled to not more than 500°C and is then reheated at a temperature not less than 650°C 
and satisfying the following condition : . 

T x (log t + 21 ) £ 21 ,000 , 

where T is a reheating temperature (K) and t is a reheating holding time (min). 

(9) A production method for a steel pipe haying excellent corrosion resistance and weldabHity according to the item 
(7) or (8), wherein the slab further contains, as additional elements and in terms of percent by weight, at least one 
of the following elements: 

Ni: not more than 1.5%, 
Co: not more than 1.0%, 
Mo: not more than 3.0%, and 
W: not more than 3.0%, 

and wherein the sum of Ni + Co is not more than 1 .5% and the sum of Mo + W is not more than 3.0%. 

(10) A production method for a steel pipe having excellent corrosion resistance and weldabHity according to any of 
the item (7) through (9), wherein the slab further contains, as additional elements and in terms of percent by weight, 
not more than 1 .0% in total of at least one of Nb, V, Ti, Zr and Ta. 

(1 1) A production method for a steel pipe having excellent corrosion resistance and weldabHity according to any of 
the item (7) through (10), wherein the C and N contents of the slab is reduced, in terms of percent by weight: 

C: not more than 0.015%, and 
N: not more than 0.015%, ' 

and the sum of C and N is reduced to not more than 0.02%. 

(12) A production method for a steel pipe having excellent corrosion resistance and weldabHity according to any of 
the items (7) through (1 1), wherein the MC value of the slab chemical compositions given by the following formula 
is at least 0: 

MC value = 80 + 420[%C] + 440[%N] + 30([%Ni] + [%Cu] + [%Co]) + 1 5[%Mn] 
- 12([%Si] + [%Cr] + [%Mo]) - 24[%Nb] - 48([%V] + [%Ti] + \%A£}) - 6[%W] 

where [%X] represents the content of an element X expressed by percent by weight. 

(13) A production method for a steel pipe having excellent corrosion resistance and weldabHity according to any of 
the items (7) to (12), wherein pipe making is conducted by electric resistance seam welding, and after the temper- 
ature of the electric resistance seam welded portion drops to a temperature not more than an Ms point, at least the 
electric resistance seam welded portion and portions within 2 mm from both sides of the seam welded portion are . 
reheated to a temperature of 650°C to an A^ transformation point, and are then cooled. 

(14) A production method for a steel pipe having excellent corrosion resistance and weldabHity according to any of 
the items (7) to (12), wherein pipe making is conducted by electric resistance seam welding, at least the electric 
resistance seam welded portion and portions within 2 mm from both sides of the seam welded portion are reheated 
to a temperature not less than (an A c3 transformation point + 50°C), are then rapidly cooled to a temperature not 
more than an Ms point, and furthermore, at least the electric resistance seam welded portion and the portions 
within 2 mm from both sides of the seam welded portion are reheated to a temperature of 650°C to an Act trans- 
formation point, and are then cooled. 
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cooled, the full-body of steel pipe is reheated ^ 1 trans,0rmatl0n P° ir * and are then 

tern ^(S^^^e C0 ™ 0n and We,dabili » * 

'f™boisi^^ 

coo.ed.^thepo.onin.e^J 
THE BEST MODE FOR CARRYING OUT THE INVENTION 
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Cu: 

Cu content is less than 1 5% austenite i« not c taw a a . = k.uT f C and N conten *s are reduced. If the 
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austenite monophase, at least 1.5% of Cu must be added. On the other hand, if Cu is added in an amount exceeding 
4.0%, ferrite transformation becomes difficult even when cooling is carried out by controlling the cooling rate after hot 
working. Therefore, the upper limit of the Cu content Is set to 4.0%. 

s M: ' • ■ . • • .v • 

At least 0.005% of At must be added as the deoxidizing agent. When A£ is added in an amount exceeding 0.10%, 
however, coarse oxide type inclusions are formed and the stress corrosion cracking resistance deteriorates. Therefore, 
the upper limit of the M content is set to 0. 10%. 

10 

C: . ;.. ■ 

C forms carbides with Cr, lowers the toughness and the corrosion resistance, remarkably increases the hardness 
of the weiding heat affected zone and lowers weldability. Therefore, the C content is limited to not more than 0.02%. 

N lowers the toughness of the weld portion, remarkably increases the hardness of the welding heat affected zone 
and lowers weldability. Therefore, the N content is set to not more than 0.02%. 
20 When it is very necessary to particularly reduce the hardness of the welding heat affected zone and to improve 
weldability in line pipes or weld structures such as pressure vessels, it is preferred to limit the C content to not more 
than 0.015% and the N content to not more than 0.01 5%, and to set the sum of the C and N contents to not more than 
0.02%. . '. •.. ,.•■'"■/'..." 

A large amount of P content will lower the toughness. Therefore, the P content must be limited to not more than 
0.025%, and the P content is preferably as low as possible. 

30 S: . • A,' /■ .. ',, -v •.'.•■■-->'■/■'. ' : . : . •/,.' . . • 

Since a large amount of S content, too, lowers hot workability, ductility and corrosion resistance, the S content is 
preferably low, and must be limited to not more than 0.01%. 

The elements described above are the fundamental elements of the steel as the object of the present invention, but 
35 the following el ernents may be added, whenever necessary, so as to further improve the steel characteristics. 

NiandCo:. . 

When added to a steel containing 7.5 to 14.0% of Cr, Ni and Co provide a remarkable effect in improving the cor- 
40 rosion resistance and the impact toughness. However, the amount of Ni alone or the sum of Ni + Co exceeds 1.5%, it 
becomes difficult to form the structure consisting substantially of ferrite and to lower the strength however the hot rolling 
condition or the condition after hot rolling may be controlled. Therefore, the upper limit of the Ni content and the upper 
limit of Ni + Co are set to 1.5%. When Co is added in the amount exceeding 1 .0%, the effect of addition gets into satu- 
ration whereas the cost increases. Therefore, the Co content is set to not more than 1.0% both when it is added alone 
45 and when it is added complexly with Ni, i.e., Ni + Co. 

Mo and W: 

Mo and W have the effect of improving the corrosion resistance in the wet carbon dioxide environment when they 
so are added to a steel containing 7.5 to 1 4.0% of Cr. When the content of each of these elements or their sum exceeds 
3.0%, the effect gets into saturation whereas alloy elements such as Ni, Co, etc.. must be added in greater amounts 
than the upper limits described above so as to secure hot workability and stability of the austenite structure at a high 
temperature. Then, the strength of the steel cannot be lowered easily by controlling the hot-rolling condition and the . 
cooling condition after hot-rolling. Therefore, the upper limit of the Mo and W is s;et to 3.0% and the sum of the Mo + W 
55 content is also set to not more than 3.0%. . 

Nb, V.Ti.ZrandTa: 

When Nb, V, Ti, Zr and Ta are added to a steel containing 7.5 to 14.0% of Cr, these elements provide a large effect 
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.tol*^ 

MC value = 80 + 420[%Q + 440[%N] + 30([%Ni] + [%Cu] + [%Co]) + 15[%Mn] 
-12(P&SQ + pt&l + I%MoD - 24PU«>] -;480%»^ + E%,711 + t%A</]) - 6pbW|) 

where [%X] is the content of an element X expressed by wt%. 

mmmmmm 

mmwMmmm 

Next, the process of the present invention and the reason for its limitation will be explained. 
Slab heating temperature: 

temperature is limited to 1 ,100°C to 1,300°C. «««ss<veiy great For these reasons, the slab heating 

40 Hot rolling: 

; ^_Oidh^ tW*^ ropng or hot strip rolling can-i» antfc^ for Wrcftig. In the case of the hot «a L'm*»- 
Rolling condition: 
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To obtain a steel material having a metallic structure substantially consist!™ m «. 

not more than 1 050°C is less than fisi 1 2f„2 llTl ™ ^ mu ' atlve roll,n 9 reduction quantity at a temperature 

to» to lower toe strength to a suitable M If toe hot rolling temwsture is too to. I TtoToto!? hTSM 
fcmttm eta* M, « r* s . toeretore toe M Wis SSS5£2 K^ESS; 
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temperature becomes lower than the temperature at which the ferrite transformation can take place. For these reasons, 
the ferrite transformation does not effectively proceed. Therefore, hot rolling must be finished at a temperature not less 
than 800°C. Further, to more stably obtain the ferrite structure after hot rolling, the cumulative rolling reduction quantity 
is preferably at least 75% at not more than 1,050°C, or the cumulative rolling reduction quantity at a temperature not 
5 more than 1,000°C is preferably at least 65%. 

Cooling condition: • < .■ ■ 

When the steel material after the finish of hot rolling or the hot coil coiled after the finish of hot rolling is cooled, it 
w must be cooled at a cooling rate of less than 0.02°C/sec to at least 500°C. This is to sufficiently convert the austenite 
subjected to hot rolling to ferrite. When the cooling rate is not less than 0.02°C/sec, ferrite transformation does not suf- 
ficiently proceed even when the austenite is processed at a temperature not more than 1,050°C and hence; a part or 
the whole of the austenite undergoes martensite transformation during the cooling process. In consequence, the struc- 
ture becomes non-uniform and the impact toughness drops. In addition, the strength cannot be lowered to a suitable 
75 strength level for use as the line pipe or the pressure vessel. In the steel to which the method of the present invention 
is directed, on the other hand, ferrite transformation from the austenite has completed at 500 9 C. Therefore, any cooling 
rate may be employed at a temperature less than 500°C. 

When the steel plate is slowly cooled, each plate may be slowly cooled while holding the temperature, but it is effec- 
tive to conduct slow cooling by stacking two or more steel plates one upon another, putting then a slow cooling cover 
so and then carrying out slow cooling. In the case of the hot coil, too, slow cooling may be carried out by placing a slow 
cooling cover to each hot coil, but it is effective to stack a plurality of hot coils one upon another or to align them in a 
transverse direction, and to use one heat-holding cover for slowly cooling them. 

Reheating: 

25 ... '■• '• .. •' • ■-- ' 

To further lower the strength of ferrite transformed from hot rolled austenite and to further improve the impact tough- 
ness, reheating is effective. Reheating of the steel material or the hot coil must be carried out after it is once cooled to 
a temperature not more than 500°C after hot rolling, and thus causing ferrite transformation sufficiently. Reheating 
effects will be insufficient if reheating is carried out before cooling to a temperature of not more than 500°C. Once the 

30 temperature of the steel material or the hot coil drops below 500°C, reheating rnay be carried out before the steel mate- 
rial or the hot coil is cooled down to room temperature, or after each is cooled to room temperature and is then reheated 
to a temperature of not less than 650°C to the A c1 transformation point 

The object of reheating is to keep Cu in an overaging range by reheating to a high temperature, to precipitate Cu 
and to lower the strength. Therefore, when reheating is carried out, overaging must be effected within a range in which 

35 Cu does not contribute to the strength and for this purpose, a temperature of not lower than 650°C is necessary. If the 
reheating temperature is less than 650°C, the drop of the strength is not sufficient, and particularly when the reheating 
temperature is less than 600°C, Cu is finely precipitated and raises the strength, on the contrary, and is likely to lower 
the impact toughness. 

Further, if the reheating temperature T (Kj and the holding time (t) are set as the reheating condition so as to satisfy . 
40 the relation T x (log t + 21) £ 21 ,000 at the time of reheating, the strength of ferrite transformed from the hot rolled 
austenite can be sufficiently lowered and the impact toughness can be further improved. 

The reheating atmosphere may be an air atmosphere, but in order to reduce the oxide scale on the steel surface 
and to improve the production yield of the steel pipe without lowering the corrosion resistance, the reheating atmos- 
phere is more preferably a slightly oxidizing atmosphere, a non-oxidizing atmosphere or a reducing atmosphere. For 
45 example, it is effective to use a mixed gas which contains 5 to 15% of hydrogen and the balance of nitrogen or argon 
: gas. ,. • • . 

Reheating of the steel material is effective for causing overaging and precipitation of Cu and for adjusting the 
strength of the steel to a suitable level. Not only reheating of the steel sheet after hot rolling but reheating at an inter- 
mediate stage after the hot rolled steel sheet is formed into a pressure vessel and various structures and reheating at 
so the product stage can be used. When the hot coil is produced into the electric resistance seam welded steel pipe, 
reheating may be carried out at the hot coil stage or the full-body of the steel pipe may be reheated after the hot coil is 
formed into the electric resistance seam welded pipe. In short, it is effective to carry out reheating at a temperature of 
not less than 650°C and under the condition satisfying the condition T x (log t + 21)^21 ,000 at any of the stages after 
the slab is hot rolled and is then cooled under predetermined conditions and before the final product is used. The 
55 reheating stage can be selected suitably in accordance with the shape and the size of the product, its application and 
other secondary working. 



9 



EP0774519A1 

Forming of hot coil and electric resistance seam welding: 
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pie 15 corresponded to an AISI420 steel. A tensile specimen was sampled from each steel plate, and a tensile test was 
carried out so as to measure a yield strength. 
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and a corrosion test under a wet carbon dioxide environment was carried out. Testpieces each having a thickness of 3 
mm, a width of 1 5 mm and a length of 50 mm were used for the corrosion test in the wet carbon dioxide environment at 
a testing temperature of 120°C inside an autoclave or at 150°C by immersing each testpiece in a 5% NaC/ aqueous 
solution for 30 days at a carbon dioxide pressure of 40 atms. The corrosion rate was calculated from the change of the 
5 weight before and after the test. The unit of the corrosion rate was expressed by mm/y. When a corrosion rate of a mate- 
rial in a environment is less than 0.1 mm/y, the material is regarded generally sufficiently corrosion resistant and can be 
used in the environment. 

The test results are altogether shown in Table 2. In the impact test results of Table 2, symbol O shows that the 
fracture appearance transition temperature was not more than -30°C, symbol X shows that the fracture appearance 

io transition temperature was higher than -30°C but not more than 0°C t and symbol XX shows that the fracture appear- 
ance transition temperature was more than 0°C. In the maximum hardness of the welding heat affected zone shown in 
Table 2, symbol O shows that the maximum hardness was less than 300, symbol X shows that the maximum harness 
was 300 to less than 450 and XX shows that the maximum hardness was not less than 450. In the corrosion test results 
shown in Table 2, symbol © shows that the corrosion rate was less than 0.05 mnVy. symbol O shows that the corro- 

is sion rate was 0.05 to less than 0.10 mm/y, symbol X shows that the corrosion rate was 0.1 to less than 0.5 mm/y and 
symbol XX shows that the corrosion rate was at least 0.5 mm/y. 

As can be clearly seen from Table 2, the steels of Examples 1 to 12 of the present invention had a yield strength of 
500 to 560 N/mm 2 and this value was low as a value of this Kind of steel. All these steels had a sufficient strength as a 
structure, had excellent impact toughness in both the base metal and in the welding heat affected zone and exhibited 

20 excellent corrosion resistance in a wet carbon dioxide environment. In other words, they had both excellent corrosion 
resistance and weldability. Therefore, steels having excellent characteristics could be produced at a low cost and with 
high productivity without heat-treatment such as quenching-tempering or normalizing-tempering. 

In contrast, all of Comparative Examples could not provide sufficient characteristics. Because the composition was 
not suitable and because the cooling rate after hot rolling was too high in Comparative Example 13, the strength was 

25 extremely high and, the characteristics were inferior. Because the composition was not suitable in Comparative Exam- 
ple 14, the steel could not satisfy the strength necessary for the structure and, the impact toughness was inferior. 
Because the composition was not suitable in Comparative Example 15, the strength was too high, and since the weld 
cracking occurred, the impact test could not be carried out. Because the cooling rate after hot rolling was too large in 
Comparative Example 16, the strength was extremely high, and the impact toughness of the base metal was inferior. 

30 Because the Ni content was too high in Comparative Example 17, strength could not be lowered by cooling after hot 
rolling. : . 

Example 2 

35 Steels having the chemical compositions tabulated in Table 3 were melted, and slabs having thickness of 240 mm 
were produced. Next, ordinary hot rolling was carried out under the condition tabulated in Table 4 to produce hot coils 
having a strip thickness of 1 1 mm. Further, electric resistance seam welded steel pipes having an outer diameter of 
323.9 mm were produced on an electric resistance seam welded steel pipe line. The slab heating temperature before 
hot rolling was 1,230°C. Comparative Example 17 corresponded to an AISI420 steel. A tensile testpiece was sample 

4o from each steel plate, and a tensile test was carried out to measure a yield 
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Next, these steel plates were welded to form weld joints by manual arc welding as welding corresponding to on-site 
circumferential welding at the time of laying-down of a line pipe. Welding heat input was 17 kJ/cm, and the welding 
material was a 24.8%Cr-8.1%Ni-1 .8%Mo-0.017%C duplex stainless steel type welding rod. This welding rod provided 
a very high joint tensile strength as a stainless steel. J IS No. 4 impact testpieces (full size) were sampled from the base 
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metal and from the heated affected rone of each weld portion, and the impact test was carried out. The maximum hard- 
ness of the welding heat affected zone was measured as a Vickers hardness at a load of 1 kg. A testpiece was sampled 
from the base metal of each steel pipe, and the corrosion test was earned out in the wet carbon dioxide environment 
The corrosion test in the wet carbon dioxide environment was carried out in the same way and under the same condition 
as in Example 1 . Tensile testpieces were sampled in the longitudinal direction of the steel pipes in such a manner as to 
include the weld metal, the welding heat affected zone and the base metal, and the tensile test of the weld portion was 
carried out. r 

The test results are tabulated in Table 4. In the corrosion rest results, the maximum hardness of the welding heat 
affected zone and the impact test results shown in Table 4, symbols have the same meaning as in Example 1 . Symbol 
O m the tensile test result of the weld portion in Table 4 shows that fracture occurred in the base metal symbol X 
shows that fracture occurred in the weld metal and symbol a shows that fracture occurred in the base metal while the 
weld metal underwent large deformation. 

As can be clearly seen from Table 4, Examples 1 to 12 of the present invention provided a yield strength of 500 to 
560 NW corresponding to the strength of API X-65 to X-70 classes, and these values are necessary and sufficient 
values for the line pipes and pipings. All of these Examples were excellent in the impact toughness of the base metal 
and the welding heat affected zone, had a low maximum hardness at the welding heat affected zone and exhibited 
excellent corrosion resistance in the wet carbon dioxide environment. It could be understood that these Examples had 
excellent corrosion resistance and weldability. When Examples 1 to 12 of the present invention were used the fracture 
position m the tensile test of the weld portion existed at the base metal in all these Examples, and the sound weld por- 
tions could be obtained. This satisfied the industrial requirement that the weld metal had higher strength than the base 
metal. 

In other words, the steel pipes having excellent characteristics could be produced at a low cost and with high pro- 
ductivity without applying heat-treatment such as quenching-tempering or normalizing-tempering to the steel pipes 

In contrast all of Comparative Examples failed to provide sufficient characteristics. Because the cooling rate after 
hot rolling was too high in Comparative Example 1 3. the strength was extremely high and the characteristics were infe- 
rior. Because the composition was not suitable in ConTparative Example 14, the strength necessary for the line pipe and 
the piping could not be obtained and, the impact toughness was low. Because the composition was not suitable in Com- 
parative Example 15. the hardness of the welding heat affected zone was high and the impact toughness was low 
Because the Ni content was too high in Comparative Example 16. the strength could not be lowered by cooling after hot 
so rolling and consequently, fracture occurred at the weld metal in the tensile test of the weld portion Because the com- 
position was not suitable in Comparative Example 1 7, the strength was too high, the weld cracking occurred and the 
impact test of the welding heat affected zone and the tensile test of the weld portion could not be earned out ' 

As described above, the present invention makes it possible to produce, at low cost and with high productivity, a 
steel and a steel pipe each having excellent corrosion resistance and weldability, and makes areat contribution to the 
35 development of the industry. 

Claims 

1. A production method for a steel material having excellent corrosion resistance and weldability comprising the steps 

40 Of" ■ 

heating a steel slab containing, in terms of percent by weight: 



20 



25 





Si: 


0.01 to 0.6%, 


45 


Mn: 


0.02 to 1.8%, 




Cr: 


7.5 to 14.0%, 




Cu: 


1.5 to 4.0%, , 




A/: 


0.005 to 0.10%, and reducing 




C: 


to not more than 0.02%, 


50 


N: 


to not more than 0.02%, 




P: 


to not more than 0:025%, 




S: 


to not more than 0.01%, and 



55 



the balance consisting of Fe and unavoidable impurities, to a temperature within the range of 1 ,1 00 to 1 ,300°C' 

finishing hot rolling having a cumulative rolling reduction quantity at a temperature not more than 1 ,050°C of at 

least 65% and at a rolling finish temperature of not less than 800°C; 

carrying out cooling at a cooling rate of less than 0.02°C/sec to at least 500°C; and 

obtaining a steel material the metallic structure of which substantially consists of ferrite. 
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2. A production method for a steel material having excellent corrosion resistance and weldability according to claim 1 , 
wherein the steel after the finish of hot rolling is cooled to a temperature not more than 500°C, and is reheated to 
a temperature of not less than 650°C and satisfying the following condition : 

5 Tx(logt + 21)*21,000 

;■ where 

T: reheating temperature (K), 
io t: reheating holding time (min). 

3. A production method for a steel material having excellent corrosion resistance and weldability according to claim 1 
or 2, wherein the slab further contains, as additional elements and in terms of percent by weight, at least one of the 
following elements: 

Ni: not more than 1 .5%, 
Co: not more than 1 .0%, 
Mo: not more than 3.0%, and 
W: not more than 3.0%, 

20 

and wherein the sum of Ni + Co is not more than 1 .5% and the sum of Mo + W is not more than 3.0%. 

4. A production method for a steel material having excellent corrosion resistance and weldability according to any of 
claims 1 through 3, wherein the slab further contains, as the additional elements, not more than 1 .0% in total of at 

25 least one of the following elements: 
Nb, V.Ti.ZrandTa. 

5. A production method for a steel material having excellent corrosion resistance and weldability according to any of 
claims 1 through 4, wherein the C and N contents of the slab are reduced as follows, in terms of percent by weight: 

30 ' _ • • : ' - 

C: not more than 0.015%, and 
N: not morethan 0.015%, and 

wherein the sum of C and N is not more than 0.02%. 

35 

6. A production method for a steel material having excellent corrosion resistance and weldability according to any of 
claims 1 through 5, wherein the MC value of the slab chemical compositions given by the following formula is at 
least 0: 

40 MC value = 80 + 420[%C] + 440[%N] + 30([%NO + [%Cu] + [%Co]) + 1 5[%Mn] 

« 12([%Si] + [%Cr] + [%Mo]) - 24[%Nb] - 48([%V]) + \%T\] + [%A(*]) - 6[%W]) 

where [%X] represents the content of an element X expressed by percent by weight. 

45 

7. A production method for a steel pipe having excellent corrosion resistance and weldability, comprising serially mak- 
ing a steel pipe through the following steps Q) and © from a steel slab which contains, in terms of percent by 
weight, the following elements: 

so Si: 0.01 to 0.6%, 

Mn: 0.02 to 1.8%, 

Cr: 7.5 to '14.0%, 

Cu: 1.5 to 4.0%. and 

M: 0.005 to 0.10%, 

55 

which reduces the following elements: 

C: to not more than 0.02%, 
N: to not more than 0.02%, ; 
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P: to not more than 0.025%, and 
S: to not more than 0.01%, and 



io 



is 



so 



the balance of which consists of Fe and unavoidable impurities: 

(J heating the slab to a temperature within the range of 1 .100 to 1 ,300'C, finishing hot rolling within a temoer- 
STr 9 !^ 6 ^ m f al,iC StmCtUre SUbStentia " y Com P rises an austen «* mcJopnase JSaS Sng 

Sife **£ "f " 9 8 ^ thiCkn6SS 0f 30 to 254 mm - «*■> «* n« coil wrthin a 

^f™ *■ m ff ° f ^ s ^ a ^ a,, y ro ^ rises ^ausi e nite monophase, and carryinTout 

Tn ,SSS 4,18,1 ° 02 ° C/min t0 91 ,6aSt 500 ° C - formi "9 a stee ' **> * meta..r c ££ 
tore of which substantially comprises ferrite; and 

S?S23 , S. h0, , 00 I "! 0 a pr * letermined continuously shaping it into a cylindrical shape and welding 
bo* ends of the steel stop by electric resistance wekting to thereby form an electric resistance seam wetted 
pipe. 

8. A production method for a steel pipe having excellent corrosion resistance and weldability according to claim 7 

T x (log t + 21) £21,000 
where T is a reheating temperature (K) and t is a reheating holding time (min). 

25 9 " 8 SSl^ £ 8 "Z PiP6 exCe,lent Corrosion resistance and according to claim 7 or 

is^jssz m - as additionai e,ements and in terms * percent * ^ « ^ ™ <* * 

Ni: not more than 1.5%; 
30 Co: not more than 1.0%, 

Mo: not more than 3.0%, and 
W: not more than 3.0%, and 

wherein the sum of Ni + Co is not more than 1.5% and the sum of Mo + W is not more than 3.0%. 

1Jl 5^7?" °l for 3 T * Plpe havin9 excel,ent OOrrosbn resistance and weldability according to any of 
claims 7 through 9. wherein the slab further contains, as additional elements and in terms o ZmSZ weiahJ no 
more than 1 .0% in total of at least one of the following elements- terms or percent by we ig ht not 

Nb, V, Ti, Zr and Ta. 



35 



40 



SO 



11. A production method for a steel pipe having excellent corrosion resistance and weldability accordino to anv of 
claims 7 through 10, wherein the C and N contents of the slab is reduced, in terms of p« S?S 

C: not more than 0.015%, and 
45 N: not more than 0.015%, and 

wherein the sum of C and N is reduced to not more than 0.02%. 

12. A production method for a steel pipe having excellent corrosion resistance and weldabilrtv accortinn m a nw «f 
claims 7 through 11, wherein the MC vatoe of the slab chemical conposit^ J 

MC value = 80 + 420[%q + 440[%N] + 30([%Ni] + [%Cu] + [%Co]) + 15[%Mn] 
- 12«%Sq + [%Cr] + [%MoD - 24[%Nb] - 48fl%V) + [%Ti] + [%A(fl) - 6[%W]) 

where [%X] represents the content of an element X expressed by percent by weight. 

13. A production method for a steel pipe having excellent corrosion resistance and weldability acceding to any of 
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claims 7 to 12, wherein pipe making is conducted by electric resistance seam welding, and after the temperature 
of the electric resistance seam welded portion drops to a temperature not more than an Ms point, and at least the 
electric resistance seam welded portion and portions within 2 mm from both sides of said seam welded portion are 
reheated to a temperature of 650°C to an transformation point, and are then cooled. 

14. A production method for a steel pipe having excellent corrosion resistance and weldability according to any of 
claims 7 to 12, wherein pipe making is conducted by electric resistance seam welding, at least the electric resist- 
ance seam welded portion and portions within 2 mm from both sides of said seam welded portion are reheated to 
a temperature not less than (an transformation point + 50°C), are then rapidly cooled to a temperature not more 
than an Ms point, and furthermore, at least said electric resistance seam welded portion and the portions within 2 
mm from both sides of said seam welded portion are reheated to a temperature of 650°C to an A^ transformation 
point, and are then cooled. 

15. A production method for a steel pipe having excellent corrosion resistance and weldability according to claim 13 or 
14, wherein, when at least said electric resistance seam welded portion and the portions within 2 mm from both 
sides of said seam welded portion are reheated to 650°C to the A^ transformation point and are then cooled, the 
full-body of the steel pipe is reheated. 

1 6. A production method for a steel pipe having excellent corrosion resistance and weldability according to claim 1 3 or 
14, wherein, when at least said electric resistance seam welded portion and the portions within 2 mm from both 
sides of said seam welded portion are reheated to 650°C to the A c1 transformation point and are then cooled, only 
the portion in the vicinity of said electric resistance seam welded portion is reheated by a post-annealer. 
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